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Abstract

In anothercontribution to this conferenceg1] the design
of superconductingavities for low velocity protonbeams
will be reported. Besidesan optimizationof the rf prop-
ertiesof the acceleratingr-mode, other modes,possibly
excitedby thetraversingprotonbeam needto beregarded.
The full spectrumof modesin § = 0.64 and3 = 0.82
5- cell cavities, as proposedfor the AcceleratorProduc-
tion of Tritium (APT) facility [4], hasbeencalculatedup to
frequenciesigherthan2.0 GHz. Thesehave beenevalu-
atedfor their potentialto affectthe beam.The presencef
“trapped”modeshasalsobeeninvestigatedIn additionto
the specificmodespectrumthetotal power depositednto
the cavities by the beamhasbeendeterminedrom thein-
ducedwake-fields.Dueto the operationwith beamsbelow
the velocity of light, extremecarewasrequiredto prevent
incorrectresultsby wave reflectionsfrom the boundaries
of the calculationvolume. The simulationsindicatethata
power depositionof upto 17 W percavity canbeexpected
in theworstcase.This power mighthave to beremovedby
higherordermodecouplerswhichis atechnicallyfeasible
task. Transportingthis power out to a room temperature
dump doesnot even noticeablyincreasethe requirements
to the cryogenicsystem. Also for the preventionof beam
break-upeffectsandfor suppressiomf resonanexcitation
of specifichigherordermodes(HOMSs) it is of interestto
investigatethe removal of this HOM-power. Differentap-
proachego implementthis removal technicallyare enter
tained.

1 INTRODUCTION

The HOM spectrumwhich includesmodeswith frequen-
ciesabove andbelow theaccelerating M010 7-mode,has
beencalculatedwith the MAFIA rf-solver[3. The simu-
lations have beendonefor the monopolemodesthat can
depositenegy into the cavity and canchangethe enegy
of the traversingbunches.Also the dipole modesthat can
causebeamdeflectionhave beeninvestigated.The simu-
lationsfor both 8s have beendonein anaxisymmetric2d
modelof afull five-cellcavity.
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Figurel: The 3=0.64five-cellcavity with theaccelerating
mode

2 THE HIGHER ORDER MONOPOLE MODE
SPECTRUM FOR THE 3 = 0.64 CAVITY

The monopolespectrumof the medium# cavity hasbeen
calculatedup to a frequeng of about2.8 GHz. Thetwo
lowestmodebandgTM010andTM020) andsomeof their
propertiesarepresentedn thefollowing Table:

Mode | A®/cell | Frequeng | kjoss R/Q
Order [MHZz] [VIpC] [Q]
TMO010 0 681.59 | 0.0001| 0.105
TMO010 | 2n/5 686.54 | 0.0015| 1.396
TMO010 | 3«n/5 692.64 | 0.0011| 1.014
TMO010 | 4x/5 697.56 | 0.0041| 3.733
TMO010 T 699.53 | 0.2033| 185.00
TM020 0 1396.82 | 0.0023| 1.034
TMO020 | 2n/5 1410.73 | 0.0045| 2.049
TMO020 | 3n/5 1432.74 | 0.0002| 0.106
TMO020 | 4r/5 1458.80 | 0.0059| 2.595
TMO020 T 1481.02 | 0.0004| 0.172

The modesof the TM010 bandarenot equallyspacedthis
indicatesthatthe couplingbetweercellsis determinecby
next-neighborand second-neighbatoupling. This beha-
ior is dueto thelargepipeandiris sizeof 6.5cm. All modes
in thebandggivenin Tablel arebelow thepipe cut-off and
needto be consideredor a potentialdepositof power into
the cavity, if excited by the traversingbunches. The po-
tentially mostdangerousnodeis the TM020 “zero” mode.
Its frequeng is closeto a multiple of the bunchrepetition
frequeng of 350MHz. We arelookinginto aslightmodifi-
cationof theend-cellgeometryto removethis multiplicity.
All othermonopolemodesareabove pipecut-off. They can
travel outof thecavitiesandposealowerrisk for dangerous
bunchinteractionor increasingthe cryogenicload. Their
only dangercould be, if they are structuremodes,whose
significantfield-amplitudescould be trappedin the inner
cellsof acavity. Thespectrumupto thelimit it wascalcu-
lated,did notindicateany suchmodes.Theseresultshave
beenobtainedusinganaveragepipe-lengthbetweemeigh-
boring cavities. A detailedstudy usingall distinct cavity
distancepresentn thedesign,s underwayto rule outary
modetrappingfor certaincavity arrangementslit should
bementionedhattheloss-factorslistedabove arevalid for
particlesat 4=1.0. The loss-factorsat the velocitiesseen
in the actualacceleratoarelower. Seealsothe sectionon
wake fields.



3 THE HIGHER ORDER MONOPOLE MODE B3=0.64 | Mode | Ad/cell | Frequeng | R/Q
SPECTRUM FOR THE 8 = 0.82 CAVITY Order [MHZ] [©/m]
The monopolespectrumof the high-3 cavity hasbeencal- iﬂﬁg 477:/5 ggggg %%01073
culatedupto afrequeng of about2.3GHz. Thetwo lowest TM110 | 3x/5 938.45 0'003
modebands(TM010 and TM020) andsomeof their prop- TM110 | 2x/5 950.87 0'090
ertiesarepresentedn thefollowing Table: TM110 0 963:42 0:018
Mode | Ad®/cell | Frequeny | kjoss R/Q $Eﬁi 27?/5 12;332 gggg
Order [MHz] | [VIpCl | [Q] TE111 | 3x/5 | 1196.22 | 0.060
TMO010 0 674.20 | 0.0001| 0.049 TE111 | 47/5 1277.79 | 0.727
TMO010 | 2x/5 681.16 | 0.0018| 1.666 TE111 - 1359.41 | 0.861
TMO010 | 3xn/5 689.94 | 0.0006| 0.577 TE111 | 6n/5 1412.15 | 0.027
TMO010 | 4x/5 697.19 | 0.0047| 4.381
TMO10| = 699.92 | 0.3161] 287.38||  The TE111 modesabove the = mode are above cut-off.
TMO020 0 1357.69 | 0.0009 | 0.415 The higher part of the modebandis affectedby the pipe
TM020 | 27/5 1367.65 | 0.0100| 4.671 betweemeighboringcavities. Thustherearemorethan5
TM020 | 3n/5 1384.50 | 0.0018 | 0.830 modesin this band. Only the lowest6 modesare listed
TM020 | 4nm/5 1409.56 | 0.0227| 10.252 here.No modeis closeto amultiple of 350MHz.
TMO020 T 1439.37 | 0.0016| 0.727
B3 =0.82| Mode | Ad/cell | Frequeng | R/Q
Also for the high-3 cavity the cell-to-cell couplingis in- Order [MHZ] [©/m]
fluencedby secondneighborcoupling. The modesof the TE111 0 860.16 | 0.035
TMO010 andthe lowestfour modesof the TM020 bandare TE111 | 27/5 876.25 | 0.495
below the pipe cut-off. The TM020 r-modeandall other TE111 3n/5 890.63 | 0.015
monopolemodesare above cut-off. Up to approximately TE111 4[5 898.01 | 0.016
2.3GHz nomodehasbeenfoundcloseto a multiple of the TE111 ™ 939.59 | 0.145
bunchrepetitionfrequeny of 350 MHz. Soresonanexci- TM111 0 976.07 | 0.069
tationis notexpected.A furtherinvestigationof the higher TM111 | 2x/5 1007.21 | 0.357
modesindicatesa potentiallytrappedmodeat 1.944GHz. TM111| 3x/5 1054.47 | 0.804
Also, arecalculatiorwith explicit pipelengthinsteadof the TM111 | 4x/5 1104.96 | 0.866
averagepipelengthneedso bedone. T™M111 T 1125.50 | 0.040
TM111 | 6n/5 1192.00 | 0.001

4 DIPOLE MODESFOR THE 8 = 0.64 AND
B =0.82CAVITIES

Dipole modesin the cavities of the APT linac could cause
deflectionsof the proton beams. Bob Gluckstern,in an

analysisndependentf thespecificmodespectrum|ooked
atthe mostimportantissuesfor beambreak-up(BBU) for

the APT acceleratof2]. His findingsindicatethatBBU is

notanissuefor severalreasons:

e Presenceof substantialexternal transwersefocusing
(estimatebasedon [5]). BBU forcesact like small
perturbationsn the coherenmotion of the beamun-
derthefocusingforces.

e Fabricationvariationsin the APT cavities (approxi-
mately400arein the acceleratoryesultin a distribu-
tion of frequencief the deflectingmodesalongthe
linac. This lowersthe effective Q of thesemodessig-
nificantly (estimatebasedn [6]).

Theseestimatesdo not dependon a Q reductionby the
presencef HOM couplers.Furtherinvestigationof these
estimatesisingthe explicit modespectrumareunderway.

The next two tablesgive the lowestdipole mode-bands
andtheir R/Q values.

The TM111 modesabove the 37 /5 modeare above cut-
off. The higherpartof the modespectrumis determined
by pipe andcavities. Thustherearemorethan5 modesin
this band. Only the lowest6 modesarelisted here. The
3w /5-modeis closeto a multiple of 350 MHz andneedsa
closerlook, to evaluateits dangerfor BBU.

5 WAKE FIELD SIMULATIONS

Walke-field calculationsgive an estimateof the integrated
powerdepositednto HOMs by bunchegraversinga cavity.
Sofar the power depositioninto the monopolemodeshas
beencalculatedwith the MAFIA T2 solver. Thedifficulty
in thesesimulationsis the velocity of the bunches. The
wake excitation is strongly g-dependent. Modern wake-
simulationcodeshaveformulationsfor openboundarycon-
ditions. Thesecan simulatebeampipesthat have no re-
flection for out-goingwaves. Unfortunatelytheseformu-
lations dependon moving chageswith 5 = 1.0. For
slower buncheslosedboundaryconditionshave to becho-
sen. Theseresultin reflectionof the outgoingwavesthat
move fasterthanthe bunches.Thereflectionscanactback
on the bunchand changethe wake potentials. Thusthese
simulationshave to be setup carefully to minimize these



effects. | have usedlong beam-pipeshatweretaperedoff
at the ends. This increasedhe time neededor wavesto
travel betweenthe boundaries Also, their velocity is arti-
ficially reducedby enforcingmultiple reflectionshetween
thepipewalls. All wake-functionshave beeninspectedvi-
suallyto rule outthepossibilitythatthebunchsaw thelarge
excursionsof the artificially addedreflectedwaves.
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Figure2: A typical wake functionfor alow-g simulation.
At theleft endof the plot you seean overlapof the calcu-
latedwake andthe chaigedistributionin abunch,assumed
to be Gaussian.The choiceof calculationvolumehasto
male surethatthe large wake excursionsdueto the artifi-
cial reflectionsoccuroutsideof the bunch-frame.

6 kloss [\//pC] Oz [mm] PHOM [VV]
0.64 0.204 3.5 5-6
0.82 0.584 4.0 7-17
1.00 9.0 1.0 -

Table5 givesthe lossfactorsfor the designgs of boththe
mediumandhigh-3 sections.Thesehave beencalculated
for bunch-lengthglerived from the beam-dynamicsimu-
lationsfor the linac. The simulationshave beendonefor

the full rangeof 3s the buncheshave in eachof thelinac

sections.From theserangesthe actualHOM power for a
5-cell-cavity hasbeenderived. The power dataassume:

e a 100 mA beamwith a bunchrepetitionrate of 350
MHz,
¢ all excitedpowerwould gointo thestructure.

The latter assumptionis an overestimate. A major part
of the HOM spectrumgoesinto modesabove pipe cut-
off. Thesemodescan leave the structurewithout adding
to the cryogenicload of the cavity. Their power could be
removedin awarm partof abeam-pipe Also mostmodes
arenotatmultiplesof thebunchrepetitionfrequeng. Their
HOM power is out of phasewith the traversingbunches
andsomeof the power could on averagego backinto suc-
ceedingbunchesof the beam. We are working on a less
consenative estimateof HOM power to be removed. It
shouldalso be mentionedthat the wake simulationshave
beendonefor a single-cellcavity. The 5-cell cavity value
hasbeenassumedo befive timesthis value. The validity
of this approachhasbeentestedfor a 8 = 1.0 beam. For
comparisoralsosomenumbersfor an electronlinac have

beenaddedo thetableto demonstrat¢he strongvariation
with 8 and bunch-length that both work in advantageof
theprotonlinac.

6 HIGHER ORDER MODE COUPLERS

HOM power needgto be consideredor two differentrea-
sons. First, the power depositednto the cavities canadd
significantlyto thecryogenidoadof thesystem.Theworst
caseestimatedonein the previous sectionindicatesthat
the HOM power canbe of the sameorderasthe rf-losses
from the acceleratingnodeitself. Second,HOM modes
can have an adwerseeffect on the beam-dynamicsf sin-
gle modesact on the bunchto causedeflectionor emit-
tancegrowth. Sincethe APT facility needsto run very
reliable for a long time without a long start-uptime, it
was decidedto add HOM coupling as a safety measure.
Therearetwo venuesinvestigatedight now. Thefirst is
to adddedicatedHOM couplersat both endsof eachcav-
ity. For this approachwe look atloop-couplergeometries.
Thesecoaxialtype couplershave a broadbandcapability
to remove unwantedmodeswithout affecting the acceler
ating modestrongly A secondpathis to investigatethe
main-couplempotentialto remove HOM power. In partic-
ular, all T My,,-type modeswill couple strongly to this
coupler If all modesthat needto be consideredshav a
sufficiently strongcouplingto this coupler andif we find
a setupthat allows to remove this power beforeit would
reachthe couplerwindow, we will try to avoid additional
dedicatedHOM couplers.
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